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(57) Abstract: A seismic data acquisition unit includes a data 
Acquisition and digitizer which receives an analog seismic sig- 
nal and digitizes tne signal. The data acquisition and digitizer 
also acquires an ambient noise signal at some point in the data 
acquisition and recording signal at a lime when ambient noise is 
not masked by the seismic signal, The data acquisition unit fur- 
ther comprises a data compressor to receive the digitized signal 
from t he data acquisition and digitizer and compress Lhe digitized 
data, preferably with a lossy compression algorithm. Finally, the 
data acquisition unit comprises a data telemetry and repealer de- 
vice to receive the compressed data and transmit the compressed 
data to a Central unit* The data acquisition unit preferably in- 
cludes a data decompressor. The data decompressor takes the data 
from the data compressor and decompresses the data. The decom- 
pressed data is then com pined with the original digitized data to 
determine the amount of noise which resulted from the compres- 
sion process. The compression noise is compared to the Ambient 
noise, and if the compression noise exceeds a predefined criterion, 
then the compression ratio in the data compressor is adjusted for 
a lower degree of compression. The process is repealed until the 
amount of compression noise, relative to ambient noise, is satis- 
factory. 
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DATA MANAGEMENT FOR SEISMIC ACQUISITION USING VARIABLE 
COMPRESSION RATIO AS A FUNCTION OF BACKGROUND NOTSE 

FIELD OF THE INVENTION 

The present invention relates generally to the field of seismic exploration and, more 
particularly, to a system andniethod of acquiring seismic data in a land system, compressing the 
data, and transmitting the data to a central receiving station. 



BACKGROUND OF THE INVENTION 

Modern seismic techniques include the use of data acquisition devices spaced apart at 
regular intervals over a distance, typically several kilometers* The data acquisition devices collect 
seismic signals picked tip by one or more appropriate receivers (hydrophones or geophones) in 
response to vibrations transmitted into the ground by a seismic source and reflected back by the 
discontinuities of the subsoiL The signals which the receivers collect are sampled, digitized, and 
stored in a memory before toosmission of the data to a central control and recording facility or 
station. 

The data acquisition devices maybe connected to the central control and recording station 
by common cables or other means adapted for transmitting both control and test signals and £hc 
accumulated seismic data. The various data acquisition devices are interrogated in sequence by 
the central station and in response the data acquisition devices transmit accumulated data to the 
central station. 

Such a system is described for example in the U.S, Pat. No. 4,398,271. The different 
acquisition devices may be connected to (he central station by a short-wave link. Each of them 
is then associated with radio equipment The collected data may be transmitted to the central 
station in real time and simultaneously for all the acquisition devices. This requires the use and 
therefore the availability of a large number of wide or narrow band short-wave transmission 
channels of different frequencies. 
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Transmission of the data collected by the acquisition devices may also be made 
sequentially, each of thctn transmitting in turn its own data either directly to the central laboratory 
or through other intermediate acquisition devices or relay elements. Recording means arc then 
used for storing the collected data for the time required for their sequential transfer to the central 
station. Short wave link seismic data transmission systems are described for example in the U.S. 
Pat. No. 4,583,206. 

As new methods of inteiprcting three dimensional seismic data increase in popularity, the 
management of ever-larger data volumes becomes critical compared with acquisition and 
processing. However, the interpretation and use of seismic data requires faster andnonsequential, 
random access to large data volumes* Tn addition, quantitative interpretations lead to an 
increasing need for full 32-bit resolution of amplitudes, rather than the 8 or 16 bit representations 
that have been used in most current interpretation systems* 

Seismic data compression can be a significant tool in rnanaging these data, bat "lossy" 
data compression techniques by definidon introduce errors in the recovered or reconstituted 
images. In fact, several problems regarding image definition arise when using lossy 
wavelet-transform data compression algorithms currently available. Yet wavelet compression 
introduces less noise than currently accepted truncation compression. Compressing small blocks 
of data needed for random access leads to artifacts in the data, and such artifacts must be 
eliminated for maximum utility in the data acquisition and interpretation system. 

Applications of waveleMransfc>rm-based data compression in areas of sdsmie 
acquisition, transmission^ storage, andprocessing havebcen proposed over Ihepasl several years, 
Most of such applications have been concerned with establishing the validity of lossy 
compression algorithms, particularly when seismic processing is to be carried out on' previously 
compressed data. Most of these applications have been devoted to pre-stack data sets, where the 
data volume has been so large that the benefits of data compression would be most important 
It is now bcconiing accepted that wavelet-transform or similar noisy data compression algorithms 
can be very useful in most of these applications, if careful analysis of the effects of compression 
noise is carried out. Diagnostic standards are currently being developed to permit the use of 
compression in many areas with full confidence that compression noise will not degrade data 
quality in any significant manner.. 
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While these concepts mayseem theoretical in nature, they become increasingly significant 
when applied to operational systems for the acquisition of seismic data. In a typical modern 
seismic acquisition system, wb ether land, marine, or transition zone, a number of acquisition 
units are distributed over the area of interest; as previously described. Each acquisition unit is 
attached to one or more sensors. Each acquisition unit is capable of measuring the sensor signals 
over a period of time called arccord, and sampling the measurements to create a data record. The 
record is coordinated between the central control and recording facility or station, which may be 
referred to in this disclosure as a central unit, to occur in synchronism with the activation of an 
energy source. The resulting subterranean echoes are the desired seismic data. The acquisition 
units then use their built-in telemetry capabilities to transmit the data some time afterwards to 
the central unit. The central unit may send the data to any combination of archival tapes, local 
pre-processing systems, or via some satellite telemetry to a remote office. 

For state of the art distributed digital seismic data telemetric systems, telemetry 
bandwidth is traded ofTfor total number of channels, distance between repeaters, total length of 
the system, power consumption, equipment weight, total data throughput, and data reliability. 
Each of these factors in turn determines the efficiency and cost of a seismic survey. For example, 
higher bandwidth increases the total number of channels which may be transmitted in the given 
length of time between seismic shots, or records. Higher bandwidth increases the number of 
channels able which may be carried on a line segment of the system. 

On the other hand, higher bandwidth typically decreases the distance allowed between 
repeaters, thus requiring more repeaters in the system. Higher bandwidth also generally increases 
the power required for the repeater, besides having to power more of them. Greater power 
consumption requires larger and heavier power sources or wire gauges making the equipment less 
efficient to operate. Tins factor also affects the distances between repeaters and power sources. 
Further, replacing or recharging batteries or power sources because of the increased power 
demand increases service effort and therefore costs. 

Aside from considerations of demands on. the system structure, higher bandwidth 
increases the number and frequency of errors introduced in the seismic data, and therefore the 
computational load and additional bandwidth overhead for detection and correction of such 
errors. Reducing bandwidth requirements, while not compromising the useful information 
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content of tho data, would make seismic surveys less costly. One way to reduce bandwidth 
requirements is to use data compression. 

Data compression reduces the lotal amount of data required to convey the same 
information. It is well known in the art of digital data processing that there arc a number of 
schemes for both lossless and lossy data compression. A data block, such as a flic, may be run 
through a process of compression to reduce it to a smaller block for storage or transmission. A 
reverse process, decompression, will return the data block to its original form so that it may be 
manipulated. Lossless compression assures that the digital data recovered is an exact 
representation of the original data, but is limited in data reduction ability- This kind of data is 
used for data files in which no bits may be changed or the exact meaning may be lost, such as 
computer programs, financial records, word processing, and other similar applications. Lossy 
data compression, on the other hand, yields much greater reduction of data in the compressed 
state, but the recovered data will not be an exact representation of the original. This is useful for 
data whose ultimate destination is to be an analog of a graphical representation such as sound or 
visual recordings, where keeping key audible or visible features retains the important audio or 
visual content. Seismic data falls into this category. 

With lossy compression, a special parameter enters into the compression process. This 
parameter is called " Q", a threshold and scaling factor used m lossy compression. This parameter, 
Q, is related to the compression factor, or compression ratio (how much the original data volume 
is reduced) and the amount of data loss. Increasing Q increases the compression ratio. For 
systems which use lossy data compression, the compression ratio determines that amount of 
error, i. e. noise, introduced in the compression/decompression process. Increasing the 
compression ratio also increases compression noise. Further, as previously mentioned, 
introduction of ambient noise in certain data acquisition and transmission systems is a fact of life. 
What is important is that the noise introduced in the compression process, or compression noise, 
be sufficiently small relative to the ambient noise, over which there is little or no control. 
Alternatively, the noise must bekept much smaller than the signals which are of principal interest 
in the system. 

Thus, there yet remains a need for an efficient, implementable data compression system 
in a seismic data acquisition system in which compression noise may bo varied or tuned so that 
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compression noise is small in relation to ambient noise, and/ormucli smaller than the signals of 
principal interest. 

SUMMARY OF THE INVENTION 

The present invention addresses this need in the art "by providing a tunable data 
compression unit within a data acquisition unit. The data acquisition unit comprises a data 
acquisition and digitizer component which receives an analog seismic signal and digitizes the 
signal. The data acquisition and digitizer component also acquires an ambient noise signal at 
some point in the data acquisition and recording cycle at a lime when ambient noise is not 
masked by the seismic signaL The data acquisition unit further comprises a data compressor to 
receive the digitized signal from the data acquisition and digitizer coorponent and compress the 
digitized data, preferably with a lossy compression algorithm, Finally, the data acquisition, trait 
includes a data telemetry and repeater device to receive the compressed data and transmit the 
compressed data to a central unit. 

In a preferred embodiment, the data acquisition unit includes a data decompressor. The 
data decompressor takes the data from the data compressor and decompresses the data, the 
decompressed data is then compared with the original digitized data to determine the amount of 
noise which resulted from the compression process. The compression noise is compared to the 
ambient noise, and if the compression noise exceeds a predefined criterion, then the Q in the data 
compressor is adjusted for a lower degree of compression. The process is repeated until the 
amount of compression noise, relative to ambient noise, is satisfactory. As used herein, the term 
"predefined criterion 11 when applied to compression noise, refers to any of a number of 
predetemimed objective measures, such as the absolute ratio of compression noise to ambient 
noise, an absolute measure of compression noise such as in microvolts, the signal to noise ratio, 
the absolute compression ratio, and the like. 

These and other features of the invention will be apparent to those skiUcd in the art of 
seismic data acquisition from a review of the following detailed description along with the 
accompanying drawings. 
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BRDBF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic block diagram of a typical seismic acquisition system. 

Figure 2 is a schematic block diagram of a seismic acquisition unit of the present 
invention with data compression. 

Figure 3 is a schematic block diagram of the preferred embodiment of a seismic 
acquisition unit racludiflg variable compression ratio as a function of background noise. 

Figure 4 is a logic flow diagram of the method of this invention carried out by the system 
depicted in Figure 3. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Figure 1 illustrates a typical seismic acquisition system 10. In such a typical system> 
signal acquisition is performed with a plurality of acquisition units 12. The acquisition units 12 
are tspread over many square kilometers and linked by wired cable or radio telemetry. In the 
acquisition units 12, A/JD converter circuits 14 sample seismic signal data over data acquisition 
lines 16 from a large number of sensors (not shown). 

The digital data from each A/D converter circuit 14 is passed to a data transmission and 
repeater circuit 1 S, which sends the data at a given bit rate via a telemetry line 20 to a central unit 
22. The telemetry line may be an installed cable or wire, or fiber optics, or by way of a radio 
signal. Further, the data maybe recorded on mass memory devices and then physically retrieved 
and downloaded onto the central unit 22. 

Hie central unit 22 receives all the data from the various seismic acquisition units 12 and 
writes the data to a tape archive 24. A command line 26, parallel to Ihe data telemetry path but 
going outward from the central unit, permits the records and sampling in the acquisition units to 
be synchronized and allows for acquisition units to be tested and configured, as desfrcd. 

Figure 2 depicts an acquisition unit 12 r in accordance with the present iavention. A data 
compressor circuit 30, preferably a microprocessor, is added to the acquisition unit between the 
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signal acquisition and digitizer 14 and the data transmission and repeater circuits 18. The data 
compressor is preferably a lossy data conipresaonprocessc*^ 
and reduces its volume. 

As previously described, data compression in the art of seismic acquisition is known. 
However, lossy compression has heretofore not been used extensively in the application of 
seismic data acquisition systems because the effect of compression could not bo properly 
predicted and, more specifically, could not be guaranteed to not extensively damage the data. 
Therefore, in order to limit and make the effects of the compression known, the present invention 
adds a number of functions or processes (which may be implemented in software embodied in 
a microprocessor or in hardware) as shown in Figure 3. 

In the preferred embodiment of the invention, an ambient noise detector and memory 32 
measures the sensor signal from the data acquisition and digitizer 14. IT the acoustic signal is 
monitored continuously, samples of the acoustic signal taken just prior to the beginning of a 
record will contain just the sensor and environmental noise present. Seismic system 
environmental noise may consist of wind or wave noise, flow noisic over streamers, shipping, 
vehicular traffic, etc. Alternately, samples taken immediately after the start of the record but 
before the source energy arrives (so called Cxst-break), may also be construed to be ambient 
environmental noise. The time available in this case depends upon the distance to the source. The 
advantage of a first-break measurement is that ambientnoise can be measured in response to start 
of the record instead of continuously or having some prc-start signal required. A third alternative 
for the timing of die measurement of ambient noise would be to use some samples, say the last 
0.5 seconds of die seismic record, as representative of the ambient noise, since the source energy 
di cs down rapidly over time. A fourth alternative would be to continue sampling for an additional 
period of time, say 0.5 seconds, after the end of the record, and use that data as representative of 
the ambient noise. Finally, a dummy record may be token when no energy source shot is being 
initiated. This last alternative assumes that ambient noise does not change appreciably over the 
entire period when seismic data is to be developed. 

Whenever such ambient noise is acquired, the ambient noise samples maybe reduced to 
anoise figure bymcans such as RMS averaging, well known in the mathematical and statistical 
sciences. This ambient noise figure is stored in the ambient noise detector and memory 32 for use 
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in subsequent processing. 

A decompression component 34 includes a decompression function identical to the one 
that will be used in recovering the final data for recording or for use in the seismic processing 
center or central unit. A compression noise detector 36 takes the record before compression from 
the data acquisition and digitizer 14, and the Tccord after compression by the data compressor 30 
and decompression by the decompression process 36. By differencing the 
compressed-decompressed data and the original data, the compression noise is calculated. The 
preferred means of doing this is a sample-by-sarnple subtraction of the two series, then taking 
the AC RMS average of the difference series. 

For the purposes of seismic data, users must generally deal with noise - particularly the 
environmental, ambient noise as well as instrument noise which is typically much smaller than 
die environmental noise. Seismic data processing has long contended with this noise and 
developed the processes of abating the noise through such, means as NMO correction, stacking 
and filtering, etc., well known to practitioners of seismic processing. Since lossy compression 
is known to add noise to the signal, it is possible to predict the amount o f noise increase 
attributable to the compression process. By rnathernatically-foundcd processes of adding RMS 
numbers, it is possible to predict, for example, that white-noise one quarter (25%) of the 
amplitude of background noise will add 3% to the total noise. 

Therefore, if the compression noise limit threshold is set at 25% of the ambient noise 
stored in the ambient noise detector and memory 32, then it can be proven that the total noise 
level has onlybeenraised 3% by compression, This is an amount unlikely to exceed permissible 
noise values normally allowed for seismic surveys, if the ambient noise alone does not exceed 
a permissible value. 

Thus, the invention's acquisition unit has a compression ratio adjuster 38. The 
compression ratio adjuster 38 iteratively adjusts or tunes the Q of the data compressor 30 for the 
maximum compression ratio that will make the compression noise figure the desired fraction of 
the memorized ambient noise figure. A properly tuned compression ratio will maximize 
compression (smaller record, less transmit time) while keeping compression noise to a value that 
will not adversely affect the total acquisition noise. The preferred embodiment includes a 
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compressioo/dccoinprcssion process fast enough that multiple iterations caubc performed before 
transmitting the data* In the event thai this is not practical or desirable, an alternate method is to 
approach the optimal compression ratio more slowly and iterate once per record, using the 
"optimal'* compression ratio determined after record N or record N+l . This assumes that both 
the ambient noise levols and the data character change slowly and that one or more records with 
slightly higher noise will bo tolerated due to the stacking (averaging) process used for seismic 
data. 

Alternatively, a specified noise threshold in absolute terms (microvolts or micro bars) is 
specified by the end user and the compression ratio is tuned iterativcly to achieve the highest 
compression ratio that docs not exceed thatnoise threshold. Ih practice, a tolerance (for example 
10%) on the noise threshold is used to prevent an excessive number of iterations - so that the 
iteration process can be stopped when it is close enough to the desired threshold. 

There may come a point when it is determined that the achievable compression ratio 
meeting the signal to noise ratio or absolute noise is too small and therefore no satisfactory 
compression can be achieved. In that case, the compression ratio is set as 1 il and no compression 
takes place and the data is sent uncompressed as in conventional acquisition systems . Mcaas may 
be provided in a data header to indicate that compression is enabled or disabled. Seismic 
acquisition systems typically have some sort of <Uda header providing this kind of feedback. 

In the preferred embodiment, a compensating decompression function is embedded in 
the central unit 22, so that the data is in its normal, uncompressed form to he stored on industry 
standard seismic field archive tapes. It is also possible to store or retransmit the data in its 
compressed form and provide the decompression process when the data is taken off the archive 
tapes or received at the next point in order to save storage space or retransmission (e.g. satellite) 
bandwidth. This will require implementation of the decompression algorithms in normal 
processing software. 

The logic flow of the process just described is show diagramatically in Figure 4. While 
the following description o f the preferred embodiment is written in terms of software, the present 
invention may also be embodied in whole or in part in hardware components. The method of the 
invention, begins with a start function in step 40. First, step 42 loads an initial or default set of 
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criteria in the data compressor 30 to initialize the system. Next, in step 44, a data record is 
acquired by the data acquisition and digitizer component 14. This data record includes acquired 
ambient noise data (A^) 7 which data are used to compute the RMS value of the ambient noise 
(Na= RMS(A t )). While shown schematically as sequential, the step of acquiring ambient noise 
level may be conveniently carried out at any point in the cycle where ambient noise will not be 
masked by the seismic signal, as previously described. 

Step 44 also includes acquiring seismic data, shown in Figure 4 as X(, where i = 1 to n. 
From the collection of data, the RMS value of the data is calculated, shown as KMS(X). The 
initial value of Q may then be set as a function of the RMS value of the seismic data, Q = 
flCRMSCX,)). As used herein, the term "Q" is defined as a threshold and scaling factor for the 
compression function. The initial Q is preferably set at some percentage of the RMS value of a 
trace or of some subset of a trace, for example one second. Alternatively, the initial value of Q 
may be selected as the value from the irmnediutely preceding record. 

In step 48, the data acquired in step 44 is compressed in the data compressor 30 with a 
compression ratio initially set in step 42. This data compression results in a set of data Zi = 
COMPRESSOR, Q)- This compressed data is then decompressed in the decompression 
component 34, resulting in a set of data Yi ™ DECOMPRESS(Z). The level of compression 
noise, N, introduced in the data compression step 48, is determined by the compression noise 
detector 36 in stop 52. Also in step 52, the compression ratio, CR, and the signal-to 
compression-noise ratio, S/N^ are calculated. In step 54, the ratio of compression noise to 
ambient noise is calculated. As previously described, rather than a ratio of compression noise to 
ambient noise, another objective measure of the effect of compression may be calculated in step 
54, 

Next, in step 56, an evaluation is made as to whether the calculation performed in 1 step 
54 meets flic criteria for the introduction of compression noise, and the criteria depend on a user 
selectable target The purpose of step 56 is to determine if the selected target is met For example, 
Xbr a particular application, the user may dctexrnine that bandwidth is the critical limiting 
parameter, and thus may select a specific compressi on ratio as the target. Alternatively, the user 
niay select other noise-related and compression-related values, such as compression noise (Nc), 
compression noise to ambient noise ratio Q>Ic/Na), signal to compression noise ratio (S/Nc), or 
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a combination of these criteria. 

If the selected criteria meet the target, then a determination is made in step 58 as to 
whether the compression ratio is less than or equal to 1. If it is, then the seismic data are 
trdnsmitled by the data telemetry and repeater unit 18 as an uncompressed record in step 68. If 
the compression ratio is greater than 1 > indicating that some compression has been achieved, then 
the seismic data are transmitted as a compressed record in step 62, Whether sent as compressed 
or uncompressed, the data compressor 3 0 then sets the initial compression ratio target for the next 
record in step 64, and the system is ready for the next timebreak signal, indicating the start of a 
new data acquisition cycle. Step 64 may optionally set tho starting Q as that of the last data set. 

Returning to step 56, if the user selected criteria are not met, then in step 60 the Q is 
adjusted up or down. If the compression ratio is not too small, then the compression ratio 
adjustment unit 38 incrementally udjusts the compression ratio in Ihe data compressor 30 and 
"the process continues with the compression/decompression step 48. Preferably, if an increase in 
compression noise or an increase In compression ratio is required, the Q is increased by a factor 
which is greater than one and fixed in the initial defeults in step 42. Otherwise, Q is decreased 
by dividing by the same factor. 

It should be recalled that, in order to save time and computation, the determination of 
satisfactory compression noise may be performed only once per record cycle, and a compression 
ratio adjustment also made once per cycle. Thus, in summary, the present invention comprises 
assembling seismic data and ambient noise data, compressing the seismic data (thereby creating 
compression noise), evaluating the quality of the compressed seismic data in comparison to noise 
according to a user defined criterion, and, if required, adjusting the compression of tbe seismic 
data accordingly. Note that steps 48, 52, 54, 56, and 60 thus define a loop. The system and 
method just described define the loop in such a way as to adjust Q, which in turn affects 
compression ratio and compression noise. A higher Q results in higher compression ratio and 
higher compression noise. 

The Q so defined is adjusted in an iterative fashion. The Q maybe adjusted to a desired 
absolute compression ratio necessary to achieve a desired bandwidth reduction, such as for 
example 20:1. or 15:1, but in this case the noise is uncontrolled- The desired target may be 
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dcfincd by a desired signal-to-compression noise ratio so that the received .signal is larger than 
the introduced compression noise by a used selected factor. Next, the Q may be adjusted to 
provide a specified, absolute compression noise figure. The compression noise must be smaller 
than this absolute value, such, as for example 4 p.V, that through experience in known to be 
desirable. Or, the user may determine that the desired target is the ratio of compression noise to 
ambient noise, for example 25%, so that the compression noise does not contribute substantially 
to the ambient noise. Finally, another feature of the present invention is a combination of these 
targets, so that any combination of the previously described targets maybe used. For example, 
the user may determine that the seismic data may be compressed to achieve either signal to 
compression noise greater than a redetermined value, or the ratio of compression noise to 
ambient noise less than another predetermined value* This feature provides the advantage ou 
traces that may consists of mostly noise and very little signal, where the signal to compression 
noise target may be hard to meet. 

It should also be noted that with the seismic and noise data in digital form, it is very easy 
to "sector", or divide in time, the data record. Thus, the Q may be varied depending on the 
time-wise sectoring of the record, so that one value of Q is used for sectors of the data record 
where the signal strength is high, and a different value of Q used in other sectors where signal 
strength is low. This feature of the invention provides the advantage in that the best Q for a given 
sector may not give the best performance when used on the whole trace because the character of 
the signal varies with time in the record. For example, very large signals may exist (reflections 
off shallow layers) in the first two sectors and the seismic data may be masked by noise in. other 
sectors. 

The loop previously described maybe repeated a selected number of times within the 
frame of one record. This feature of the invention has the advantage of being able to satisfy the 
defined criteria every time. The system may also iterate over successive records where one 
adjustment is made to Q since it may be assumed (subject to verification) that the character of 
the data does not vary greatly from one record to another. The iterated Q is saved for used on the 
subsequent record „ A record may not meet the criteria on one record bu will achieve it over the 
next few shots. This is best if computational and time resources are limited and the data must be 
immediately available for analysis. 
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The principles, preferred embodiment, and mode of operation of the present invention 
have been described in the foregoing specification. This invention is not to be construed as 
limited to the particular forms disclosed, since these ore regarded as illustrative rather than 
restrictive. Moreover, variations and changes maybe made by those skilled in the art of seismic 
data acquisition systems and tho like without departing from the spirit of the invention. 



PAGE 22/70 1 RCVD AT 7/512005 3:22:43 AM [Eastern Daylight Time] * SVR:USPTO£FXRM/0 * DNIS:87293Q6 * CSID:0427S37649 * DURATION (mm-ss):18-50 



FROM SCHLUMBERGER K. K. IP Legal 



2005 07 05 16:29/ST. 16:23 



P023 



-14- 

We claim: 

1 . A seismic data acquisition system comprising: 

a. aplurality of data acquisition and digitizer circuits to receive analog seismic data 
froui aplurality of seismic sensors and to digitize the seismic data; 

b. a data compressor to receive data from each of the plurality of data acquisition and 
digitizer circuits and to compress the digitized seismic data; and 

c. a data telemetry and repeater circuit to receive the compressed data firom the data 
compressor and to transmit the compressed data to a central unit. 

2. The seismic data acquisition system of claim 1 wherein the ccniral unit is adapted to 
decompress the compressed data. 

3. The seismic data acquisition system of claim 1., wherein the data compressor is a 
programmed microprocessor. 

4. The seismic data acquisition system of claim 1, further comprising an ambient noise 
detector to detect ambient signal noise level from the seismic sensors. 

5. The seismic data acquisition system of claim 4> wherein the seismic sensors receive 
seismic data Irom a source dxuing a seismic recording period and ambient noise during a noise 
recording period prior to the seismic recording period. 

6. The seismic data acquisition system of claim 4, wherein the seismic sensors receive 
seismic data from a seismic source during a seismic recording period and ambient noise during 
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a noise recording period after the seismic recording period. 

7. The seismic data acquisition system of claim 4, wherein the seismic sensors receive 
seismic data from a seismic source and ambient noise during a recording period* 

8. The seismic data acquisition system of claim 1, further comprising a data 
decorapressoT-for decompressing the data from the data compressor to develop a decompressed 
signal. 

9. The seismic data acquisition system of claim 8, further comprising a compression noise 
detector for determining the compression noise as a function of the difference between the 
decompressed signal and the digitized seismic data, 

1 0. The seismic data acquisition system of claim 9 wherein the data acquisition and digitizer 
circuits measure ambient noise, and further comprising a compression ratio adjustment 
component to vary Hie compression ratio of the data compressor to compress the digitized 
seismic signal with varying amounts of compression until the compression noise is at or below 
a specified fraction of the measured ambient noise. 

1 1 . The seismic data acquisition system of claim 10, wherein the compression ratio of the 
data compressor is varied one or more times prior to transmitting the compressed data to the 
central unit 



1 2. The seismic data acquisition system of claim 1 0 wherein the compression ratio is varied 
on successive records to converge on the desired compression ratio, 
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13. The seismic data acquisition system of claim 9, further comprising means to itcratively 
compress the digitized seismic signal with varying compression ratios until the compressioa 
noise is at or below a user-specified absolute level. 

14. The seismic data acquisition system of claim 13, wherein one or more iterations are 
performed prior to transmitting the compressed data to the central unit. 

15. The seismic data acquisition system of claim 13, wherein iteration of the compression 
ratio is performed on successive records to converge on the desired compression ratio. 

16. The seismic data acquisition system of claim 9 further comprising means to iteratively 
compress the signal with varying compression ratios until the data volume is sufficiently small 
to transmit in a desired time. 



17- The seismic data acquisition system of claim 16 wherein one or more iterations are 
performed prior to transmitting the compressed data to the central unit. 

1 8. The seismic data acquisition system of c laiml6 wherein iterations of the compression ratio 
are performed on successive records to converge on the desired compression ratio, 

19. The seismic data acqiusition system of claim 9, further comprising a compression ratio 
adjustment component to vary the compression ratio of the data compressor to compress the 
digitized seismic signal with varying amounts of compression until the ratio of seismic signal to 
compression noise is equal to or greater than a predetermined value. 
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20. The seismic data acquisition system of claim 9 wherein the data acquisition and digitizer 
circuits measure ambient noise, and further comprising a compression ratio adjustment 
component to vary the compression ratio of the data compressor to compress the digitized 
seismic signal with varying amounts of compression until either compression noise is smaller 
than a predetermined fraction of ambient noise, or the ratio of seismic signal to compression 
noise is equal to or greater than a predetermined value, or the compression noise is less than a 
predetermined absolute value. 

21. The seismic dala acquisition system of claim 1 wherein the compressed data is 
transmitted to the central unit over wires, 

22. The seismic data acquisition system of claim 1, wherein the compressed data is 
transmitted to the central unit over fiber optics. 

23. The seismic data acquisition, system of claim 1, wherein the compressed data is 
transmitted to the central unit by radio signal. 

24. The seismic data acquisition system of claim 1 , wherein the compressed data is recorded 
on a mass memory device and physically retrieved and loaded onto the central unit 

25. The system of claim 1, farther comprising means for sectoring the data from each of the 
plurality of data acquisition and digitizer circuits into time sectors, and wherein the data 
compressor is adapted Lo compress data in one time sector by a different compression ratio than 
the data in another time sector. 
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26. A method of acquiring seismic data comprising the stops of: 

a. receiving an analog seismic signal in a signal acquisition and digitizing device; 

b. digitizing the analog seismic signal in the signal acquisition and digitizing device 
to develop a digital seismic signal; 

c. compressing the digital seismic signal; and 

d. transmitting the compressed digital seismic signal to a central unit 



27. The method of claim 26, further comprising me step of decompressing ihe compressed 
digital seismic signal in the central unit. 



2S> The method of claim 26, •wherein the step of compressing the digital seismic signal is 
performed by a programmed microprocessor. 



29. The method of claim 26, further comprising the step of detecting ambient noise level in 
the signal acqnisition and digitizing device. 



30. The method of claim 29, further comprising the steps of 

a. decompressing the compressed digital seismic signal; 

b. determining the amount of noise developed in compressing the digital seismic 

Signal; 

c. comparing the ambient noise level to the amount of noise developed in 
compressing the digital seismic signal; and 

d, adjusting the compression ratio in compressing the digital seismic signal until 8 the amount 
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of noise developed in compressing tbc digital seismic signal is 9below a predetermined criterion 
relative to the ambient noise. 
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(S7) Abstract: A seismic dnia acquisition unit includes 
4 data acquisition and digitizer which receives an analog 
Mistime signal and digiiiws tho signal. The data requisition 
and digitizer also acquires an ambient noise signal nt some 
point in the data acquisition and recording signal at a time 
when ambient noise is not masked by the seismie signal. The 
data acquisition unit further comprises a daut comprca»or 
10 receive the digitized signal from Uic data ncqnisitton and 
digitizer rind comprosu the digitized data, pTcfcnibly with a 
lotray compression algorillim. Fmully, the data acquisition 
unit comprises a data telemetry and repeater device lo reccave 
the compressed data and transmit tlic compressed data to a 
central unit. The data acquisition unit preferably includes 
a data decompressor. The data decompressor tukes the data 
from the data compressor and decompresses the data. The 
dccomprtSNKcd data is then compared with the original digitized 
data to dciorminc the amount of noise which resulted Trorn 
the compression process. The compression noise is compared 
to the umbicnt noise, nnd if the compression noise exceeds 
a predefined criterion, then the compression ratio in the data 
compressor is adjusted for a lower degree of compression. 
The process h repeated until the amount of compression noise, 
relative k> ambient noise, is satisfactory. 
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AMENDED CLAIMS 

[received by the International Bureau on 07 January 2004 (07.01.04); 
original claims 1-30 replaced by new claims 1-30] (6 pages)] 

1. A seismic data acquisition system comprising: 

a. a plurality of data acquisition and digitizer circuits to receive analog seismic 
data from a plurality of seismic sensors and to digitize the seismic data; 

be a data compressor to receive data from each of the plurality of data acquisition 
and digitizer circuits and to compress the digitized seismic data; 

c. a data telemetry and repeater circuit to receive the compressed data from the 
data compressor and to transmit the compressed data to a central unit; and 

d. means for varying the compression ratio of the dam compressor one or more 
times prior to transmitting the compressed data to the central unit 

2. The seismic data acquisition system of claim 1 wherein the central unit is adapted to 
decompress the compressed data. 

3. The seismic data acquisition system of claim t , wherein the data compressor is a 
programmed microprocessor. 

4. The seismic data acquisition system of claim 1 , further comprising an ambient noise 
detector to detect ambient signal noise level from the seismic sensors. 

5. The seismic data acquisition, system of claim 4, wherein the seismic sensors receive 
seismic data from a source during a seismic recording period and ambient noise during a 
noise recording period prior to the seismic recording period, 

AMENDED SHEET (ARTICLE 19) 
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G. The seismic data acquisition system of claim 4, wherein the seismic sensors receive 
seismic data from a seismic source during a seismic recording period and ambient noise 
during a noise recording period after the seismic recording period. 

7. The seismic data acquisition system of claim 4, wherein the seismic sensors receive 
seismic data, from a seismic source and ambient noise during a recording period, 

8. The seismic data acquisition system of claim 1, further comprising a data 
decompressor- for decompressing the data from the data compressor to develop a 
decompressed signal, 

9. The seismic data acquisi tion system of claim 8, further comprising a compression noise 
detector for determining the compression noise as a function of the difference between the 
decompressed signal and the digitized seismic data. 

1 0. The seismic data acquisition system of claim 9 wherein the data acquisition and 
digitizer circuits measure ambient noise, and further comprising a compression ratio 
adjustment component to vary the compression ratio of the data compressor to compress the 
digitized seismic signal with varying amounts of compression until the compression noise is 
at or below a specified fraction of the measured ambient noise. 

1 1. The seismic data acquisition system of claim 10, wherein ihc compression ratio of the 
data compressor is varied one or more times prior to transmitting the compressed data to the 
central unit. 
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12. The seismic data acquisition system of claim 10 wherein the compression ratio is 
varied on successive records to converge on the desired compression ratio. 

13. The seismic data acquisition system of claim 9, further comprising means to 
Lterativcly compress the digitized seismic signal with varying compression ratioe until the 
compression noise is at or below a user^spectfied absolute level. 

14. The seismic data acquisition system of cfaim 13» wherein one or more iterations are 
performed prior to transmitting the compressed data to the central unit 

15. The seismic data acquisition system of claim 1 3, wherein iteration of the compression 
ratio is performed on successive records to converge on the desired compression ratio* 

1 6. The seismic data acquisition system of claim 9 further comprising means to tteratively 
compress the signal with varying compression ratios until the data volume is sufficiently 
small to transmit in a desired time, 

1 7. The seismic data acquisition system of claim 1 6 wherein one or more iterations are 
performed prior to transmitting the compressed data to the central unit 

18. The seismic data acquisition system of claimlo* wherein iterations of the compression 
ratio are performed on successive records to converge on the desired compression ratio. 

19. The seismic data acquisition system of claim 9, further comprising a compression ratio 
adjustment component to vary the compression ratio of the data compressor to compress the 
digitized seismic signal with varying amounts of compression until the ratio of seismic signal 
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CO compression noise is equal to or greater than a predetermined value, 

20. The seismic data acquisition system of claim 9 wherein the data acquisition and 
digitizer circuits measure ambient noise, and further comprising a compression ratio 
adjustment component to vary the compression ratio of the data compressor to Compress tbe 
digitized seismic signal with varying amounts of compression until either compression noise 
is smaller than a predetermined fraction of ambient noise, or the ratio of seismic signal to 
compression noise is equal to or greater than a predetermined value, or the compression noise 
is less than a predetermined absolute value. 

21 . The seismic data acq uisition system of claim I wherein the compressed data is 
transmitted to the central unit over wires. 

22. The seismic data acquisition system of clai m 1, wherein the compressed data is 
transmitted to the ccuual unit over fiber optics. 

23. The seismic data acquisition system of claim 1, wherein the compressed data is 
transmitted to the central unit by radio signal. 

24. The seismic data acquisition system of claim 1 , wherein the compressed data is 
recorded on a mass memory device and physically retrieved ami loaded onto the central unit. 

25. The system of claim 1, further comprising means for sectoring the data Jrom each of 
the plurality of data acquisition and digitizer circuits into time sectors, and wherein the data 
compressor is adapted to compress data in one time sector by a different compression ratio 
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than the da t a in another time sector. 

26. A method o f acquiring seismic data comprising the steps o£ 

a. receiving an analog seismic sigo&i in a signal acquisition and digitizing device; 

h, digitizing the analog seismic signal in the signal acquisition and digitizing 
device to develop a digital seismic signal; 

c. compressing the digital seismic signal; 

d. varying the compression ratio of the data compressor one or more times prior 
to transmitting the compressed data to a central unit; and 

d. transmitting the compressed digital seismic sigoal to the central unit. 

27 . The method of claim 26, further comprising the step of decompressing the 
compressed digital seismic signal in the central unit. 

28. The method of claim 26, wherein the step of compre&ring the digital seismic signal is 
performed by a programmed microprocessor. 

29. The method of claim 26 r further comprising the step of detecting ambient noise level 
in the signal acquisition and digitizing device. 

30. The method of claim 29. further comprising the steps of 

a. decompressing the compressed digital seismic signal; 

b. determining the amount of noise developed in compressing the digital seismic 
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signal; 

q, comparing the ambient noise level to the amount of noise developed in 
compressing the digital seismic signal; and 

& adjusting the compression ratio in compressing the digital seismic signal until the 
amount of. noise developed in compressing the digital seismic signal is below' a predetermined 
criterion relative to the ambient noise. 
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